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Summary: 
The objective of the research supported by the grant was to design 

and test the feasibility of an experiment to determine the effects of 
space flight on pathogenicity and immunity. To meet this objective the 
following steps were completed, and a discussion of each is given in 
more detail in another section of the report. 

1. 

2. 

3. 

4. 

5. 

6 .  

k mouse chamber suitable for housing and feeding five mice for 
two weeks with one servicing was designed for use with germfree 
or conventional mice. Although not tested, it is believed that 
the chamber would be suitable for use in space flight under reduced 
gavity and with considerable vibration. 
Plasmodium berqhei infections in three strains of mice were 
characterized to determine the validity of using the infection for 
studying immunity and pathogenesis in mice during flight. It is 
believed that controlled infections of E. berqhei can be used to 
produce the desired conditions to study phagocytosis and erythro- 
poiesis in animals while in flight. 
Mice infected with Plasmodium berqhei lose there ability to maintain 
normal body temperature and hypothermic mice consume considerably 
less oxygen than uninfected mice. 
B Y -  controlling the infection by treatment, the degree of anemia 
can be controlled. Following reduction of the infection, marked 
erythropoietic activity occurs. 
If such an experiment were conducted on mice in conditions of 
reduced gravity, the effects on erythropoietic activity could be 
stud ied. 
Radioiron was used to estimate erythropoietic activity in infected 
mice. Although of much basic interest, it is not likely that this 
method will be of value for studies in flight experiments since 
sequential sampling or large numbers of mice will be required. 
Phagocytic activity by cells in the liver, spleen and bone marrow 
could be demonstrated by the use of radioiron. This procedure is 
re1 iable with small numbers of mice and without sequential sampl ing, 
and it is a good possibility for flight experiments. 
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Mouse Chamber: 

(Figure 1) which supports an inner stainless s tee l  screen cyl inder.  
end o f  the inner cy l i nde r  i s  closed by the tube feeders which are 3/4" 
sta in less s tee l  tubes closed a t  one end and welded together i n  fou r  
f i e l d s .  The opposite end o f  the cy l inder  i s  closed by the centra l  p l a t e  
o f  the suct ion cap which screws on t o  the outer  cy l i nde r  j o i n i n g  the 
a i r  passage t o  the suct ion l i ne .  

against the closed ends o f  the feeder tubes. 
f i l t e r  cap holds the edge o f  the f i l t e r  i n  place. 

chamber i s  autoclaved w i t h  the f i l t e r  i n  place and the suct ion end closed 
w i t h  mylar f i l m .  
supply i so la to r ,  the suct ion cap i s  removed a l lowing f r e e  access t o  the 
inner cy l i nde r  f o r  add i t i on  o f  d i e t  and mice. 
can then be held i n  the supply i so la to r  u n t i l  other chambers are 
supplied o r  immediately taken out o f  the i s o l a t o r  through a lock system. 
It i s  not necessary t o  apply suct ion on the chamber f o r  several hours; 
d i f f u s i o n  o f  a i r  i s  s u f f i c i e n t .  

suct ion l i n e  t o  provide a i r  f low s u f f i c i e n t  t o  provide O2 remove CO2, 
water vapor and other gasses. 
t o  the s i ze  and number o f  animals. 
germicidal trap. 

d i l u t e d  1 : 1  i n  2% agar. 
requirements fo r  growing mice. 
between mice feed conventional mouse d i e t  w i t h  water separate and the 
agar-water- l iquid d i e t  could be found when feed two weeks t o  mice s t a r t i n g  
a t  20 grams. Mice i n  the chamber feed by c l imbing i n t o  the feeder tubes. 
Only occasional ly d i d  the mice take food from the tubes. 

absorbant paper l i n e r  taped t o  the outer cyl inder.  The flow o f  a i r  
ass i s t s  i n  dry ing the paper. It i s  bel ieved tha t  under condi t ions of 
weightlessness, the a i r  f low w i l l  carry wastes away from the f i l t e r  
and i n t o  the germicidal trap. 

Var iat ions i n  the dimensions may be made e a s i l y  t o  acccnnodate more 
o r  fewer mice; o r  f o r  longer o r  shorter periods wi thout servicing. 
Port ions of the feeders may be covered by a d i s c  which can be rotated 
by a motor i n  the center of the feeder u n i t .  
i n  d i e t  dur ing f l i g h t  t o  provide a d ie t  w i t h  a drug o r  radioisotope dur ing 
por t ions o f  the f l i g h t .  

instrumentation. I f  germfree animals are used w i t h  instrumentation, d ry  
s t e r i l i z a t i o n  and su i tab le  seals w i l l  be required. 
for biorhythms experiments and t h i s  could be provided in the centra l  
opening. 

The d i e t  
can be supplied wi thout the addi t ion o f  ant imicrobia ls ,  wastes could be 
c o l l e c t e d  for  analysis without the e f fec ts  o f  bac te r ia l  decomposition, gas 
analysis would be more s ign i f i can t ,  i n fec t i ons  which f requent ly  r e s u l t  under 
moist and contaminable condit ions would not  be a problem, etc. 

The chamber i s  constructed o f  an outer  s ta in less s tee l  cy l i nde r  
One 

A f i l t e r  cap closes one end w i t h  a centra l  p l a t e  ho ld ing the f i l t e r  
The outer  f lange o f  the 

To use the mouse chamber f o r  housing germfree mice, the assembled 

The s t e r i l e  chamber i s  t ransferred i n t o  a germfree 

The u n i t  i s  closed and 

Outside the i so la to r ,  the serviced chamber should be attached t o  a 

The rate of  f low may be var ied according 
Back contamination i s  prevented by a 

The d i e t  consists o f  a defined synthet ic  1 i q u i d  d i e t  (Nitrlco-MBC) 

In our work, no weight gain di f ferences 
T h i s  d i e t  provides water and n u t r i t i o n a l  

Wastes drop through the screen and moisture i s  absorbed by an 

This would a l low an a l t e r n a t i o n  

The center opening i n  the feeder area may be used f o r  a motor o r  f o r  

A l i g h t  may be desired 

The use o f  germfree animals would be of considerable value. 
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Thc Course of Infection: 

observed in essentially every Plasmodium berqhei infection'in Swi s Webster 
and CF-1 strains of mice when the inculum is approximately 1 x 10 parasites 
and administered intraperitoneally. The only variation in the parasitemia 
which occurred and is of importance is the time of death; varying from 10-14 
days in 20 g mice and 16-20 days in 30 g mice. 

An experiment designed to reduce the variation in death time was 
carried out as follows: 

One million parasites were injected as precisely as possible into each 
of 50 mice. Blood films were made 48 hours later for the selection of 25 
mice having 20-30 parasites in each oil immersion field; mice with more or 
less parasites were discarded. On the 5th day of infection, 12 mice were 
selected from the 25 previously selected based on the number of reticulocytes 
per field. 

It was believed that the first selection would tend to equalize the 
parasites actually reproducing in the mice and the second selection would 
take into account variations in host response. Following this selection 
procedure in two groups of mice, the death times varied from 16-20 days 
in 30 g mice. 

alter the course of E. berqhei infections, the time of death should reflect 
the change. With the variation as great as 4 days, numerous animals would 
be required to identify the change as being significant. Since it is unrealistic 
to use large numbers of mice, other parameters were looked for which might 
indicate the effects of space flight on immunity and pathogenesis. 

possibly an expression of host defenses, but an unsuccessful attempt. It 
would be most interesting to know why the protective mechanisms fail. 

The parasitemia and red cell curves illustrated in Figure 2 are 
8 

If reduced gravity and other factors associated with flight in space 

The change in the parasitemia curve on the 6th day of infection is 

Chanqes in Haptoqlobin: 
Absolute values for serum haptoglobin have not been determined. In 

our studies Jacobson's method was used. In this method the relative amounts 
of haptoglobin activity in infected and uninfected were determined and 
indicated as the rate of peroxidasic activity which results when haptoglobin 
is complexed with hemoglobin and the complex mixed with H202 and guanine. 

infected mice as a result of combination with free hemoglobin expected to 
occur with the destruction o f  redoells by the parasite. This does occur 
and by the 7th day of infection very little haptoglobin can be demonstrated 
in infected mice while uninfected mice continue to demonstrate normal levels. 

days) after haptoglobins are at an exceedingly low level, no free hemoglobin 
is found in the serum and hemoglobinuria rarely occurs. Thus, an explanation 
must be found for the fate of hemoglobin during the infection. It is possible 
that the reduction in hemoglobin is almost entirely accounted for by the 
parasite'; metabolism and that little free hemoglobin occurs outside of the 
red cells. 

It was expected that the amount of haptoglobin would be reduced in 

It was observed that during the later stages of the infection (8th-15 

Mouse Body Temperature: 

available to record the changes in body temperature during the course of 
infection and during flight. 

It was originally hoped that a temperature sensing device would be 

The device was not available; therefore rectal 
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temperatures were obtained at intervals by inserting thermistor probes into 
the rectum 3 to 3/4 inch. 
body temperature which consistantly occurs in infected mice held at room 
temperature of 20-24OC. 
temperature efter the 11th day of infection, and it is at this time the 
number of red cells are near the lowest for each individual. When hernato- 
crit values drop to 25 %, both body temperature and 0 
This correlation suggests that the failure to regulate body temperature in 
infected mice may be hypoxic hypothermia. 
liver function may also be of importance in temperature control. 

Figures 3 and 4 show the characteristic drop in 

The mouse is unable to maintain normal body 

consumption decrease. 2 

The effect of the infection on 

Oxyqen Consumption; 

infection are summarized in Figures 3 and 4. (Data in Tables). In Figure 3 
it is easy to see that the drop in body temperature and O2 consumption occur 
together, and this is at the time hematocrit values are around 25%. 

individual mice. The O2 consumption in a l l  cases was determined by a 
differential manometer system attached to two chambers submerged in a 
waterbath for temperature control. The two chambers were essential ly 
identical, but one contained the test mouse. Carbon dioxide was absorbed 
by KOH and water vapor rJas absorbed by Dririte. 
obtained at the neutral temperature of 3OoC; the 0 consumption of normal 

It is obvious from 
these data that 0 consumption is greatly reduced in infected mice. The 
reduction could not be duplicated in mice by reducing food consumption or 
by phlebotomy to produce hematocrit values as low as 25%. 

than p6r mouse is approximately the same. 
this. When diet is restricted for uninfected mice to produce a loss in 
weight comparable to that which occurs in infected mice, the 0 consumption 
remains at a level higher than for infected mice (Table 2). 
that the decreased O2 consumption by infected mice is not a function of 
decreased body tissue. 

Oxygen consumption by uninfected mice and by mice during the course of 

Figures 5 ,  6 and 7 illustrate data presented in attached tables for 

Most reliable values were 

mice being higher at both 37OC and 2OoC than at 30 8 C. 

2 

0 consumption by infected mice expressed per gram body weight rather 
Table 1 presents data to show 

1 %  is concluded 

Clearance of Fe-59 from the Plasma: 

on erythropoiesis, lron-59 as ferrous citrate was injected I P  into infected 
and uninfected mice and individuals killed at $, 1 3/2, 2, 16, 24, 48 and 
72 hour intervals. In all over 200 mice were used with 5 mice for each 
point for infected mice and 3 mice for each point For uninfected mice. 

Figure 8 illustrates data obtained on mice injected with Fe-69 on the 
6th day of infection. The percent of injected dose Fe-59 (%ID) in the 
plasma is not significantly different between infected and uninfected mice 
at any time. It would have been expected that mice with anemia produced 
by the infection would be actively producing red cells to compensate, and 
thus clear Fe-59 from the plasma more rapidly than uninfected mice. That 
this did not occur suggests that erythropoiesis is not occurring in infected 
mice at an increased rate. 

at 24 hours where it remains at a rather constant level. (Figure 9) In 
contrast the Fe-59 which first appears in the red cells of infected mice at 
24 hours rapidly decreases. 
infection, histiocytes actively phagocytize infected (and possibly uninfected) 

In an attempt to better understand the effects of  E. berqhei infections 

The Fe-59 removed from the plasma of uninfected appears in the red cells, 

This is expected since during the course of 
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DATA FOR F IGURES 4 AND 5 

WE I GHT (Grams) 

12 8 9 ~ 1 0  1 1  Days After Infecting 0 4 5 6 7 
Date 517 5/11 5/12 5/13 5/14 5/15 5/18 5/19 

13 14 
5/20 5/21 

23.5 
30.5 

23.5 
24 

25.4 

36 
31 
29.5 

-- 

32.2 

-” 

93 
89.5 

92 
94 

92.1 

-- 

103 
103.5 
1 04 

103.5 

7 18 
20 31 

17 16 
10 12 

-- -- 

49 
50 
36 

INFECTED 
1 
2 
3 
4 
5 

28 30 
28.5 32 
29 27.5 
29.5 30.5 
30 33 

30 25 
33 33 
25 d i ed-- 

26.5 
28 

28.1 

35.5 
30 
29 

31 -5 

81.8 

97 
97.5 

97 
96 

96.9 

-- 

99 
100.5 
03 .5 

101 .o 

14 
30 

21 
12 

-- 

49 
44 
44 

31 
33 

29 30.6 30.4 Mean 

UNINFECTED 
1 
2 
3 

27 34 
28 29.5 
32 28.5 

34.5 
30 
28 

29 30.7 30.8 Mean 

MOUSE TEMPERATURE 

80.5 Room Temperature 
INFECTED 

1 
2 

4 
5 

1 
J 

97 
98.5 
98 
97.2 
99;2 

98.0 Mean 

UNINFECTED 
1 
2 
3 

::‘Just after removing from 02 chamber 
Mean 102.2 

HEMATOCR 1 T (04) 
1 NFECTED 

1 
2 
3 
4 
5 

I 
26 
36 
21 
28 
33 

28 
43 
27 
33 
34 

UNINFECTED 
1 
2 
3 

44 
46 
43 

49 
48 
46 
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DATA FOR F IGURES 3, 6 AND 7 

WEIGHT (Grams) 

Days A f t e r  i n f e c t i n g  
Date 

INFECTED 
1 
2 
3 
4 
5 
7 

Mean 

UNINFECTED 
1 
2 
3 

Mean 

INFECTED 
1 
2 
3 
4 
5 
7 

Mean 

UNINFECTED 
1 
2 
3 

Mean 

0 4 8 1 1  
5/28 6L 1 6/5 6/8 

33 33 28.5 
31 33.5 32 29 
39 37.5 36 33.5 

38.5 37 33.5 
40 39 35 
30 24 

38 38 37 
27 32.5 35 32.5 
38 35.5 35 32.5 

MOUS E TEMP E RATU RE 

1(01 .o '(01.5 
102.5 100.0 
101 .o 100.8 
101 .o 101 .o 
101.2 101.2 

2/91 .5 
101.3 100.9 

104.0 100.7 
102.8 101.5 
101.5 102.5 

102.8 101.6 

13 
6/10 

-- 
25 
28 

30.5 
22 

-- 

38 
30.5 
32 

- 1 /-- 

96 
95.7 

96.5 
93.2 
95.4 

-- 

102.5 
102.2 
104 

102.9 

A l l  temps j u s t  a f t e r  removing from chamber 
Not i n  j a r  - No 0 done on #7 for 6/3 - Not i nc luded  in Mean 
A f t e r  O2 run  a t  26O 
A f t e r  O2 run  a t  30°, no temps taken a f t e r  37' run 

INFECTED 
1 
2 
3 
4 
5 

UN INFECTED 
1 
2 
3 

$<Not taken - t a i l s  chewed up 

HEMATOCRIT (%) 

40 27 
35 23 
49 35 
25 22 
38 27 

46 
-1. .. - 52 

44 
44 ,. . I _ _  

14 
6/11 

-- "- 
26 -- 
28 
20.5 

38.5 
32.5 
32 

- 1 /-- 
-- 

81.2 

33 
-- 

$;:; 
100.8 
102.2 
96.2 

lj99 7 

15 
6/12 

-- -- 
24.5 

26.5 
-- 
-- 

40 
33 

- 1 /-- 
-- 

89.5 

87 
4/ -- 
-. 88.3 

-- 

101.5 
101.2 

4/ 
-101.4 

36 
28 
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TABLE 2 

Oxygen Consumption by Mice Infected with p. berqhei and Fed Liquid 
Synthetic Diet ad libitum, Uninfected Mice Fed Conventional Diet ad libitum 
and Uninfected Mice Fed Restricted Amounts of Liquid Synthetic Diet Comparable 
to that Consumed by Infected Mice. 

INFECTED, LIQUID DIET 

Days After Infect ion 
and Starting Diet 8 1 1  22 

MOUSE WE i GHT cc0 /g/hr \./EIGHT cc02/g/hr WEIGHT.. cc02/g/hr 
Male 1 29.5 3.42 
Male 2 28 2.12 
Femal e 3 27 2.53 
Female 4 28 2.12 

Died -- 

Mean 28.1 2.30 

UN I NFECTED, CONVENT I ONAL 0 I ET 

Male 1 31 5.36 31 5.47 
Male 2 32.5 5.07 32.5 5.54 

Mean 31 .8 5.22 31 . t ~  5.51 

UNINFECTED, RESTRICTED LIQUID DIET 

Male 1 30 4.20 27.5 3.96 
Male 2 27.5 5-23 25.5 4.20 
Femal e 3 28 4.07 28 4.24 
Femal e 4 25.5 4.55 25 3.99 

Mean 27.8 4.51 26.5 4.10 

33 4.85 
35 3.54 

34 4.20 

26 2.94 
17 b. 23 
22 4.20 
21 4.28 

21 .B 3.91 
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red cells. 
but the malaria pigment, hemozoin, remains undigested. Thus, there is 
an accumulation of Fe-59 in the liver, spleen and bone marrow which is 
a good measure of phagocytic activity by these organs. Figures 9, 10, 1 1  
and 12 show these differences. There is a significant difference at the 
1% level for all values at 48 and 72 hours. 

is not due to increased size. The figures give values as % of infected 
dose per gram of tissue. The liver of infected mice does not increase 
significantly (Figure 13) during the 72 hour period of Fe-59 studies, nor 
does the spleen increase during this time period; however, the spleen is 
exceedingly increased in size before the 6th day when the Fe-59 experiments 
started. Although the spleen is enlarged, it continues to function as an 
organ with phagocytic activity; although not as effectively as the liver. 

The data obtained with Fe-59 will be published, and for this reason, 
the large volume of figures are not included in this report; however, 
if requested, they will be made available. 

Following phagocytosis the red cell and parasite are digested, 

The greater amount of Fe-59 in the liver and spleen of infected mice 

Treatment of Mice with pyrimethamine: 

on or before the 6th day of infection would respond with reduction in 
parasitemia and marked erythropoietic activity. If treatment was started 
after the 6th day of infection, treatment was frequently unsuccessful. 
This again suggests the importance of the 6th day of infection. 

Mice treated with pyrimethamine continuously in the diet starting 
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